BACKGROUND: Although pneumonia severity index (PSI) is widely used to evaluate the severity of community-acquired pneumonia (CAP), the calculation of PSI is very complicated. The present study aimed to evaluate the role of B-type natriuretic peptide (BNP) in predicting the severity of CAP.
INTRODUCTION
Community-acquired pneumonia (CAP) is a leading infectious cause of death in developed countries. [1, 2] The timely and accurate evaluation of CAP severity is helpful to reduce the mortality, shorten hospital stay and save medical resources. It has been reported that pneumonia severity index (PSI) is closely associated with the mortality of patients, and has been widely used to evaluate the severity of CAP. However, the calculation of PSI is complicated and liable to personal errors. Researchers have found that the risk stratifi cation of various infective patients can be simplifi ed by use of biomarkers. [3] [4] [5] B-type natriuretic peptide (BNP), also known as brain natriuretic peptide, is a 32-amino acid polypeptide secreted by the ventricles of the heart in response to excessive stretching of heart muscle cells (cardiomyocytes). BNP can cause natriuresis, the excretion of an excessively large amount of sodium in the urine. BNP has strong vasodilating and antihypertensive effect, and can antagonize the activity of the renin-angiotensinaldosterone system (RAAS) and sympathetic nervous system. BNP plays an important role in regulating body fl uid volume, vascular pressure and electrolyte balance. [6, 7] Since natriuretic peptide levels are significantly increased in patients with severe sepsis and septic shock, [8, 9] the plasma concentration of natriuretic peptide can be used as a reliable indicator for identifi cation of sepsis-induced myocardial inhibition. [8] In recent years, the activation of proinflammatory cytokine and the sympathetic nervous system has also been identified as an inducing factor of BNP secretion. [10, 11] Accordingly, the severity of pneumonia can be reflected by BNP levels. In a pilot study, BNP level in selected patients with CAP can accurately predict the severity of the disease. [12] A few studies have reported the use of BNP in emergency department patients with CAP. The purpose of this study was to evaluate the role of BNP in risk stratification of CAP based on clinical observations, laboratory measurements and chest X-ray examinations in the emergency department of a general hospital.
METHODS

Research subjects
Clinical data
A total of 202 patients with CAP were admitted to the emergency department (ED) of Fuxing Hospital from December 2011 to December 2012, including 96 males and 106 females, with age ranging from 18 to 96 years (81.67±10.73 years).
Inclusion criteria
Eligible patients aged ≥18 years and presented with suspected CAP. Patients were evaluated in the ED by at least two physicians: a resident physician and a boardcertifi ed specialist of internal medicine.
Exclusion criteria
Patients with one or more of the following conditions were excluded: heart failure (according to case history, clinical manifestations, chest X-ray results and echocardiography evidences); coronary atherosclerotic heart disease; acute renal failure; end-stage renal disease; cirrhosis; hypertensive heart disease; pregnancy; pulmonary hypertension; pulmonary embolism; active tuberculosis; pulmonary fi brosis; nosocomial pneumonia; immunosuppressive diseases; primary aldosteronism; and hyperthyroidism.
Clinical grouping
Patients were divided into two groups based on PSI Research methods L a b o r a t o r y a n d h e m o d y n a m i c p a r a m e t e r s were measured for patients upon enrollment to the emergency department, wherein the former included heart rate, systolic arterial pressure, diastolic pressure, body temperature and respiratory rate, and the latter included BNP, arterial blood gas, blood routine, liver function, kidney function, electrolytes, coagulation function and C-reactive protein (CRP). Within 24 hours after treatment, echocardiography (BNP>100 pg/ mL) and chest X-ray measurement were carried out in addition to conventional history inquiry, physical examination, and collection of relevant laboratory and imaging examination data. The severity of the disease was determined by PSI. Tracing collection of clinical information relevant to disease diagnosis and prognosis of patients was also performed.
CAP diagnostic criteria
CAP was defined by the presence of one or several of the following recently acquired respiratory signs or symptoms, including cough, sputum production, d y s p n o e a , c o r e b o d y t e m p e r a t u r e ( > 3 8 . 0 °C ) , auscultatory findings of abnormal breath sounds and rales, white blood cell count (>10×10 9 or <4×10 9 cells/L) and an infi ltrate on chest radiograph. [13] 
PSI classifi cation criteria
Class I for patents aged <50 years, without cancer, liver disease, cerebrovascular disease, kidney disease or other underlying diseases and abnormal vital signs; classes II-V were defi ned by calculation based on initial clinical assessment of age, underlying diseases, vital signs, epidemiological data, laboratory examination, blood gas analysis, radiological characteristics and other risk factors associated with pneumonia (class II: score less than 70; class III: score 71-90; class IV: score 91-130; and class V: score more than 130).
BNP concentration measurement
Collection of specimens included the following steps: 2 mL of peripheral venous blood was taken immediately after enrollment of the patients; the specimens were put into a test tube containing ethylenediaminetetraacetic acid (EDTA) anticoagulant; and a quantitative point-ofcare test of BNP concentration was performed.
BNP testing equipments and materials included the Triage Meter Plus as a dry rapid quantitative diagnostic apparatus for heart failure/myocardial infarction (diagnostic platform composed of access chemiluminescence, UniCelD×1800 intelligent large chemiluminescence immunoassay system and SynchronL×17125) and BNP antibody from US Biosite. Before the test, the BNP test panel stored at 2-8 °C was warmed to room temperature. 250 mL of EDTA anticoagulant blood sample was added into the wells of the test panel, which was incubated for 10-20 minutes. Subsequently, the panel was inserted into a Triage diagnostic apparatus for testing and the result was obtained after 15-30 minutes. BNP measurements ranged from 5.0 to 5 000.0 pg/mL.
Echocardiography
Echocardiography was performed using HewlettPackard SONO5500. Left ventricular ejection fraction (LVEF) and left ventricular end diastolic diameter (LVEDD) were calculated with the modifi ed single-plane Simpson method. Echocardiography was performed by specialists who were unaware of the design of the study.
Statistical analysis
Data collation was performed by Excel 2010, and statistical analysis was made using SPSS 13.0 statistical software. Specifically, descriptive analysis of measurement data was performed using mean±standard deviation, whereas descriptive analysis of enumeration data was performed in the form of n (%). In addition, Student's t test was performed for the high-and low-risk groups. Linear correlation between BNP test values and PSI was analyzed. BNP data as the key values of severity stratification and death prediction and their sensitivity and specificity were determined by receiver operator characteristic (ROC) curves. A P value less than 0.05 was considered statistically signifi cant.
RESULTS
Patients
In the 202 patients aged 18-96 years with a mean age of (81.67±10.73), 96 were male and 106 were female. In 78% of the patients, cough, fever and dyspnea were observed as major symptoms. According to PSI, 3 (1.5%) patients were grouped in class I, 8 (4.0%) patients in class II, 45 (22.2%) patients in class III, 89 (44.1% patients in class IV, and 57 (28.2%) patients in class V.
BNP, CRP, WBC and PSI
BNP levels increased with the class of PSI (Table 1) . BNP levels in the high-risk group were significantly increased compared with those in the low-risk group (P<0.01) ( Table 2) .
BNP levels increased with the severity of CAP (PSI classes) ( Table 3) . Similar results were obtained for CRP and WBC. We also found that the BNP levels of CAP patients with hypoxemia were significantly higher than those of patients without hypoxemia (263.8±151.0 pg/ mL vs. 197.2±129.5 pg/mL, P=0.006).
CAP classification based on BNP was carried out using ROC curves, and BNP levels were highly accurate in predicting the low-and high-risk groups ( Various biomarkers for predicting CAP mortality evaluated by ROC curves are shown in Figure 2 . Area under ROC curves (AUC) and likelihood ratios of different cut-off points are summarized in Table 6 . BNP in predicting the mortality of CAP was more accurate than CRP and WBC, and it was similarly accurate as PSI.
DISCUSSION
BNP level positively correlated with the severity of CAP
In this study, the BNP level of the high-risk group (PSI classes IV and V) was signifi cantly higher (P<0.01) than that of the low-risk group (PSI classes I-III). There was a significant positive correlation (r=0.782, P<0.001) between the level of BNP and PSI. Though the PSI has been accepted as a standard evaluation of pneumonia severity, [14] the BNP level may indicate the severity of CAP. The results of the present study also showed that BNP is signifi cantly superior to CRP and WBC in severity prediction. Therefore, the BNP level may be important for predicating the severity of CAP in clinical practice.
CAP severity classifi cation using BNP values
The severity of CAP can be classified into five classes by PSI, but high-risk patients (hospitalization) and low-risk patients (no hospitalization) with CAP can be grouped by BNP level. When BNP was ≥125.0 pg/ mL, the patients should be hospitalized immediately; when BNP level was <125.0 pg/mL, treatment may be given according to the specifi c situations of the patients at the outpatient clinic. As a biomarker for classifi cation of CAP severity, BNP has a high specificity of 94.6% and a sensitivity of 89.1%, and it can provide important information for the evaluation and treatment of CAP.
Death prediction using BNP values in patients with CAP
BNP can be used in accurately predicting death of CAP patients. In the present study, the prognosis accuracy of BNP was close to that of PSI (AUC 0.823 vs. 0.847), and was signifi cantly better than that of common infection indicators such as CRP and WBC. When BNP was ≥299 pg/mL, the mortality (within 30 days) was signifi cantly increased, whereas the majority of patients with BNP <299 pg/mL survived, suggesting that when BNP level was ≥299 pg/mL, vital signs of patients should be closely monitored. If necessary, such patients should be admitted into the intensive care unit as soon as possible.
Advantages of BNP in prognosis of CAP
Recent studies have confi rmed that B-type natriuretic peptide is a reliable indicator for the diagnosis of heart failure, [15] [16] and plays an important role in early diagnosis or differential diagnosis of acute dyspnea, especially cardiac dyspnea. [17] In addition, the present study showed that the increased BNP level can accurately predict the death of CAP patients apart from those with heart failure, coronary heart disease or hypertensive heart disease. Furthermore, the level of BNP observed in the present study did not reach the levels commonly observed in patients with acute heart failure.
[16] Therefore, the increased BNP level of patients with CAP may be due to other causes. Some studies [18] [19] [20] have suggested that BNP secretion is caused by tissue hypoxia which leads to pulmonary vasoconstriction, pulmonary hypertension and right ventricular overload. The patients with CAP usually suffer from localized hypoxia in the pulmonary circulatory system. In our study, there was a clear correlation between BNP level and blood oxygen saturation, suggesting that the above hypothesis may be one of the causes of the increased BNP level. A recent study [11] found that infl ammatory response can cause the release of BNP, and that BNP level and CRP value are signifi cantly correlated. Other studies [21, 22] also found that IL-1b, IL-6, TNF-α and other proinflammatory cytokines can induce BNP secretion from cardiomyocytes cultured in vitro. Similarly, bacterial endotoxin was found to directly increase the expression of BNP mRNA in the myocardial cells of rat. [23] Likewise, in our study, BNP was signifi cantly correlated to CRP and WBC. Based on these fi ndings, we hypothesized that with the severity of CAP, the increased BNP level was mainly caused by inflammatory response and local hypoxia in the pulmonary circulatory system, and that the level of BNP may refl ect the severity of infl ammatory response as well as the degree of hypoxia.
PSI is widely used for accurate risk stratification of CAP through three-step calculation based on demographic data, complications, physical examination results, vital signs and experimental results. The patients can be divided into five groups according to the PSI scores. [14] However, PSI has limitations in the emergency treatment. A recent study has shown that only 70% of 731 patients with CAP were classified by PSI. [24] In contrast, rapid and simple BNP measurement can provide important information for clinicians in a very short time during emergency treatment about whether the patient needs hospitalization, whether the condition is lifethreatening, etc.
In summary, the accurate evaluation of CAP severity, early identification of high-risk patients, and classification of treatment according to the severity can help to reduce mortality and improve the utilization of health care resources. By severity evaluation and prognosis with accuracy close to that of PSI, BNP can provide reliable data for timely, efficient and accurate classifi cation of severity and for prognosis evaluation of CAP patients admitted to the emergency department. 
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